Drosophila neuroblasts are an excellent model for investigating how neuronal diversity is 17 generated. Most brain neuroblasts generate a series of ganglion mother cells (GMCs) that each 18 make two neurons (type I lineage), but sixteen brain neuroblasts generate a series of intermediate 19 neural progenitors (INPs) that each produce 4-6 GMCs and 8-12 neurons (type II lineage). Thus, 20 type II lineages are similar to primate cortical lineages, and may serve as models for 21 understanding cortical expansion. Yet the origin of type II neuroblasts remains mysterious: do 22 they form in the embryo or larva? If they form in the embryo, do their progeny populate the adult 23 central complex, as do the larval type II neuroblast progeny? Here we present molecular and 24 clonal data showing that all type II neuroblasts form in the embryo, produce INPs, and express 25 known temporal transcription factors. Embryonic type II neuroblasts and INPs undergo 26 quiescence, and produce embryonic-born progeny that contribute to the adult central complex. 27 Our results provide a foundation for investigating the development of the central complex, and 28 tools for characterizing early-born neurons in central complex function. 29 30 31 KEY WORDS: neurogenesis, type II neuroblast, intermediate neural progenitors, INPs, temporal 32 patterning, Pdm, Castor, Grainy head, Dichaete, central complex 33 65 2015). Second, the temporal transcription factors Hunchback (Hb), Krüppel (Kr), Nubbin/Pdm2 66 (Pdm), Castor (Cas) and Grainy head (Grh) specify unique GMC identities within each neuroblast 67 3 lineage (Brody and Odenwald, Moris-Sanz et al., 2014). In contrast, much less is known 71 about type II neuroblasts. Only one of the eight type II neuroblasts has been identified in the 72 embryo (Hwang and Rulifson, 2011); the origin of the other type II neuroblasts has not been 73 reported in existing embryonic brain neuroblast maps (Urbach and Technau, 2003). It remains 74 unknown whether type II neuroblasts arise de novo from the neuroectoderm similar to type I 75 neuroblasts, or whether they arise from a type I > type II transition similar to the type I > type 0 76 neuroblast transitions (Baumgardt et al., 2014; Bertet et al., 2014). If type II neuroblasts form 77 during embryogenesis, it is unknown whether they utilize the same Hb > Kr > Pdm > Cas > Grh 78 temporal transcription factor cascade to generate neuronal diversity, or whether they make 79 embryonic born INPs that sequentially express Dichaete (D) > Grh > Eyeless similar to larval 80 INPs (Bayraktar and Doe, 2013). Furthermore, if type II neuroblast lineages are initiated in the 81 embryo, it would be interesting to know if their INPs undergo quiescence, similar to type I and II 82 neuroblasts; if so they would be the only cell type beyond neuroblasts known to enter quiescence 83 at the embryo/larval transition. Perhaps most importantly, identifying embryonic type II 84 neuroblasts is essential for subsequent characterization of their early-born progeny, which are 85 likely to generate pioneer neurons crucially important for establishing larval or adult brain 86 architecture. 87 Here we address all of these open questions. We show that all eight type II neuroblasts 88 form during embryogenesis. We use molecular markers and clonal data to show that embryonic 89 type II neuroblasts give rise to INPs that produce multiple GMCs and neurons during 90 embryogenesis, and that INPs undergo quiescence during the embryo-larval transition. We find 91 that embryonic type II neuroblasts sequentially express a subset of neuroblast temporal 92 transcription factors (Pdm > Cas > Grh), and embryonic INPs express a subset of the known 93 larval INP temporal transcription factors (Dichaete). Finally, we show that embryonic INPs give 94 rise to neurons that survive to populate the adult central complex. 95 RESULTS 96 97 All type II neuroblasts arise during embryogenesis 98 Larval type II neuroblasts are PntP1 + Dpn + Aseand here we used these markers to determine if 99 type II neuroblasts exist in the embryo. We found that type II neuroblasts formed internal to the 100 4 dorsal cephalic neuroectoderm beginning at late stage 11. At this stage, there is one PntP1 + Dpn +
. We also detected a deep ventral 137 cluster of unrelated cells that expressed 9D11-tom but not Dpn, but these can be excluded from 138 analysis due to their distinct position (Fig. 3A, asterisk) . Using this marker, we found that 9D11-139 tom + Dpn + embryonic INPs undergo asymmetric cell division: they partition aPKC and Miranda 140 to opposite cortical domains (Fig. 3C ). To confirm that these GMCs generate post-mitotic 141 neurons during embryogenesis, we stained for the neuronal marker Elav, and found that 9D11-142 tom clusters contained Elav + neurons (Fig. 3D ). Additionally, axon fascicles from single type II 143 neuroblast lineage clones were visible during embryogenesis (data not shown), confirming the 144 production of embryonic-born neurons from type II lineages. We conclude that embryonic type II 
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If INPs enter quiescence in the late embryo, we should be able to detect them in the 161 newly hatched larvae, prior to production of larval born INPs made from type II neuroblasts that 162 have re-entered the cell cycle. We assayed 0-4h newly-hatched larvae for Dpn and 9D11-tom to 163 mark the small quiescent INPs (Fig. 4D ). We observed an average of 10 ± 2 9D11-tom + Dpn + 164 cells in each brain lobe, and none of these INPs were mitotic (n=11; Fig. 4D 
177
We stained embryos for type II neuroblast markers (Dpn + Ase -) and individual temporal 178 identity transcription factors. We did not observe the first two temporal transcription factors,
179
Hunchback or Krüppel, in any type II neuroblasts at any stage of development (data not shown).
180
We next focused on the first type II neuroblast to form, which can be uniquely identified at late 181 stage 11 (see Fig. 1 ). This early-forming neuroblast showed the temporal cascade of Pdm >
182
Pdm/Cas > Cas > Cas/Grh > Grh (Fig. 5 ). All later-forming type II neuroblasts exhibited a more 183 truncated temporal cascade of Cas > Cas/Grh > Grh (Fig. 5 ). We conclude that embryonic type II 184 neuroblasts undergo a late temporal transcription factor cascade.
186
Embryonic INPs undergo a truncated temporal transcription factor cascade.
187
Larval INPs undergo a temporal transcription factor cascade of Dichaete-Grh-Eyeless over their 188 ~12 hour lifespan (Bayraktar and . We wondered if the shorter timeframe of 189 embryogenesis may result in shorter temporal transcription factor expression windows, a 190 truncated temporal cascade, or perhaps a lack of all temporal transcription factor expression.
191
To identify embryonic INPs expressing known INP temporal transcription factors, we 192 generated FLP-out clones using a heat shock FLP in mid-embryogenesis (4h-9h) and assayed 193 brains containing a single type II neuroblast clone. We stained embryos for the clone marker, Table 2 ). The 199 middle temporal factor, Grh, was only detected in a single INP next to Grh + neuroblasts, but not 200 next to Grhneuroblasts, suggesting that it is transiently inherited from the parental neuroblast, as Truman, 2016). Here we use molecular markers and clonal analysis to identify all eight known 247 type II neuroblasts in each brain lobe and show they all form during embryogenesis, perhaps the 248 last-born central brain neuroblasts. We were unable to individually identify each neuroblast, 249 however, due to their tight clustering, movements of the brain lobes, and lack of markers for 250 specific type II neuroblasts.
251
The single previously reported embryonic type II neuroblast formed from PntP1 + 252 neuroectodermal cells with apical constrictions called a placode (Hwang and Rulifson, 2011 356 or were cleared with a glycerol series: 25% for 10 minutes, 50% for ten minutes, 90% for ten 357 minutes then into 90% glycerol with 4% n-propyl gallate overnight before imaging.
358
Larval brains were dissected in PBS, fixed in 4% formaldehyde in PBST for 25 min, 
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(A-F) Temporal transcription factor expression in the earliest type II neuroblast to form 500 (posterior-most, see Fig. 1 ). Type II neuroblasts identified as Dpn + Ase -(left columns); temporal 501 transcription factor expression reveals sequential expression of Pdm + > Pdm + Cas + > Cas + > Cas +
502
Grh + > Grh + . Summarized at left; later-forming type II neuroblasts start the cascade with Cas.
503
Scale bar = 10 µm. 
